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Introduction
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• The Small Habitat Commonality work is part of
NASA’s Evolvable Mars Campaign (EMC) Doug Craig FISO

• EMC First Three Missions
• Human mission to Phobos Mike Gernhardt FISO
• Followed by two long stay (500 day) Mars surface missions

• This material responds to the question of :
How to maximize commonality across the small habitats

• Approximately 8 months with a part-time, multi-center team

• Results:  Created tools to quantify commonality cost savings
early in the planning process.  ~$ 3-4B LCC with commonality



EMC Small Habitat Commonality Scope 

Small Pressurized Rover

Mars Ascent Vehicle

Mars Taxi

Mars Moon Exploration Vehicle
Initial

Habitation
Module

Pressurized
Logistics Elements

Mars Pressurized
Logistics Elements



Many Mars Studies
Many Small Habitats
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1950 1960 1970 1980 1990 2000

Electromagnetic Launching
As a Major Contribution to
Spaceflight, A.C. Clarke

Collier’s
W. von Braun

The Mars Project
W. von Braun
Can we Get to Mars?
W. von Braun

A Study of Manned
Nuclear-Rocket Missions
To Mars, S. Himmel, et al

The Exploration of Mars
W. Ley & W. von Braun

Study of Conjunction
Class Manned Mars Trips
Douglas Missile & Space

Capability of the Saturn V
To Support Planetary Exploration
G.R. Woodcock

Manned Entry Missions
To Mars and Venus,
Lowe & Cervais

Conceptual Design for a
Manned Mars Vehicle, P. Bono

Concept for a Manned Mars
Expedition with Electrically...
E. Stuhlinger & J. King

Manned Interplanetary
Mission Study, Lockheed

EMPIRE, Study of Early
Manned Interplanetary…,
Ford Aeronautic

A Study of Early Inter-
planetary Missions…,
General Dynamics

Study of NERVA-Electric
Manned Mars…,
E. Stuhlinger, et al

Design Reference
Mission 1.0, NASA

ExPO Mars Program
Study, NASA

America at the Threshold
SEI Synthesis Group

The Mars Transit
System, B Aldrin

A Smaller Scale Manned
Mars Evolutionary Program
I. Bekey

Report on the 90-Day Study on
Human Exploration…, NASA

Leadership and America’s
Future in Space, NASA

Pioneering the Space
Frontier, Nat’l 
Comm on Space

Manned Mars
Exploration, NASA

Planetary Engineering
On Mars, C. Sagan

243 Annotations
The Annotated Bibliography
D.S. Portree

The Viking Results-The
Case for Man on Mars, B. Clark

Libration-Point Staging
Concepts for Earth-Mars
R. Farquhar & D. Durham

A Case for Mars: Concept
Devlpmt for Mars Research

Mars Direct: A Simple,
Robust…, R. Zubrin

The L1 Transportation
Node, N. Lemke

First Lunar Outpost,
A.L. Dupont, et al

The Moon as a Way station
for Planetary Exploration, M. Duke

Combination Lander
All-Up Mission, NASA

Design Reference
Mission 3.0, NASA

(2) Design Reference Mission 4.0,
Bimodal and SEP, NASA

Three-Magnum Split
Mission, NASA

Dual Landers Presentation
NASA (B. Drake)

Exploration Tech Studies,
Office of Explor., NASA

Exploration Tech Studies,
Office of Explor., NASA

**Bold type represents selected studies*A Comparison of Transportation Systems for Human Missions to Mars, AIAA 2004-3834



EMC Small Habitat Commonality
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Mars
Ascent 
Vehicle

Mars Moon 
Taxi

Mars Moon 
Exploration 

Vehicle

Mars 
Rover

Mars 
Logistics 
Module

EAM EAM 
Logistics

Before 
Commonality

Not
Included

Not 
Included

EMC 
Commonality

Crew Size 4 4 2 2 0 2-4 0

Duration 1.8 da (44 hrs) 3.2 da (77 hrs )
1 Sol-Phobos-
Deimos-1Sol

14 days (max) 14 days 
(max)

Temporary
access

14 days 
(max)

Temporary 
access

Reuse Disposable Disposable Disposable Reusable Disposable/Rep
urpose

Reusable Disposable/Re
purpose

Environment Mars surface, 
Mars Orbit

Mars Orbit Mars Moon Mars 
surface

Mars surface 
(possible orbit)

Cis lunar 
orbit

Cis lunar orbit

EVA No EVA One way 
transport 4 suits 
to Mars moon

Micro-g
(suitport)

Mars
surface 

(suitport)

No EVA Attached 
Micro-g 
Airlock

No EVA



Commonality: Lead From the Start and Never Stop

Does not flow this way
(Commonality lost)

Commonality is intentional

Must be at the front-end (then continues)

Initiated & controlled by management

Program Development

Unique DDT&E NASA Program DDT&E

~250 Items

MAV

Crew Taxi

Mars Rover

Mars Moon Exploration Vehicle

Mars Pressurized Logistics

Initial Habitation Module

Pressurized Logistics
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Advantages/Disadvantages of Commonality
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Advantages
• Reduced cost (one vs. multiple DDT&E)
• Improved safety (common operations)
• Interoperability
• Reduced logistics (same spares for different habitats)
• Simplified infrastructure integration (one interface vs. multiple)
• Simplified training (one system vs. multiple)

Disadvantages
• Sub-optimized (each application usually gives up unique attributes)
• May preclude inclusion of latest technology

Space Station Common Module Inter-modal Cargo Container1970s Commonality



Major Elements of Commonality
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Size, Geometry,
Subsystems, etc.

Physical Functional Acquisition Management

Operations,
power, data, etc.

Procurement,
DDT&E, life-cycle

Implementing
recommendations

Commonality Index
5 Identical
4 Similar (most subsystems)
3 Similar (many subsystems)
2 Similar (some subsystems)
1 Similar (few subsystems)
0 Unique

Single

Gov Furnished Equip

Build to Print

Multiple

Report to Prog Mgr (safety)

Line Mgr

Document w/o Mgr

Highest



Objective: Maximize Small Habitat Commonality
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Without Commonality
(Separate Parallel Development)

Commonality Objective
(Single Major Development with Small Delta Developments)

Reduced Program Schedule



Creating a Core Commonality
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Commonality Assessment Tool
Based on Master Equipment List Comparison

MAV Crew Taxi

Exploration Vehicle Mars Rover

Initial Habitation
Module

Pressurize Logistics

Commonality Validation

Core Commonality



Commonality: Heritage + New
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ISS

Heritage/Lessons Learned State of the Art Technology Development

Apollo

Breadth

Planetary
Space Suits

Avionics
Software

Skylab

Standards



Commonality Acquisition and Management
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Boeing 757 Boeing 767

Common Cockpit
Narrow body 3.54 m Wide body 5.03 m

Lower Development Cost
Lower Operating Cost

Common cockpit type-rating allows crews to fly both 757 and 767

Boeing
Vice President

http://en.wikipedia.org/wiki/Image:Ba_b757-200_g-bpee_arp.jpg
http://en.wikipedia.org/wiki/Image:Ba_b757-200_g-bpee_arp.jpg
http://en.wikipedia.org/wiki/Image:Aircanada.b767.750pix.jpg
http://en.wikipedia.org/wiki/Image:Aircanada.b767.750pix.jpg
http://www.google.com/imgres?imgurl=http://members.tripod.com/mwaviation/images/757-005.JPG&imgrefurl=http://members.tripod.com/mwaviation/new_page_4.htm&h=106&w=135&sz=43&tbnid=LE3JlVv-hpcJ:&tbnh=106&tbnw=135&prev=/images?q=Boeing+757+cockpit&sa=X&oi=image_result&resnum=1&ct=image&cd=3
http://www.google.com/imgres?imgurl=http://members.tripod.com/mwaviation/images/757-005.JPG&imgrefurl=http://members.tripod.com/mwaviation/new_page_4.htm&h=106&w=135&sz=43&tbnid=LE3JlVv-hpcJ:&tbnh=106&tbnw=135&prev=/images?q=Boeing+757+cockpit&sa=X&oi=image_result&resnum=1&ct=image&cd=3


2014 2018 2022 2026 2030 2034 2038 2042 2046

Pressurized Rover

Mars Ascent Vehicle

Mars Moon Taxi

Mars Logistics Module

Space Exploration Vehicle

EAM Logistics Module

EAM

Year

Development Schedule and Sequence1
SEP/Chem
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Mars Moon

Long Surface 
Stay #1

Long Surface
Stay #2

Development

Development

Development

Development

1 Based on 1/28/15 EMC Manifest
2 HEOMD Support to MPPG, Notional  Development/Risk Reduction Schedule for a 2033 Human Mars Mission, July 2012

Commonality
Decision

Requirements

Requirements

Requirements

Reference Devlmnt2

Arrive at
KSC

SEV

Mars Taxi

Rovers
1 & 2

MAV 1 MAV 2

Launch Date

Rovers
3 & 4

Development

Development

Requirements

EAM

ELM 1 ELM 5

MLM 
1

MLM 
2

MLM 
3

MLM 
4

MLM 
5

MLM 
6

DevelopmentRequirements



Number of EMC Small Habitats
SEP/Chem
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8 “Mars” Habs over 14 years

9 Habs over 20 years 13 Logistics Modules

Mission Phase Mars Ascent 
Vehicle
(4 crew)

Mars
Moon 
Taxi

Mars Moon 
Exploration 

Vehicle

Mars 
Rover

EAM Logistics
Module
(EAM)

Logistics
Module
(Mars)

Proving Ground 1 5 6

Phobos Mission 1 1 2 4

Mars Long Stay #1 1 2 2 5

Total 1 1 1 2 1 5 4 15

Mars Long Stay #2 1 2 2 5

Total 2 1 1 4 1 5 6 20

Note:  Based on 1/28/15 EMC Manifest

Challenge: How to achieve commonality with few elements over many years



Example of Core Commonality
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Apollo 5 Apollo 9 Apollo 14Apollo 10 Apollo 11 Apollo 12 Apollo 13

Apollo 15 Apollo 16 Apollo 17

H Class (9)

J Class (6)

Extended engine bell
Increased descent fuel tanks 
Added waste storage tank 
Added Lunar Roving Vehicle
Allowed up to 75 hrs on the Moon

DDT&E Recurring

Delta Development

Apollo Lunar Excursion Module

15 LEMs over 4 years



Commonality Recommendations*
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*Acquisition Strategies for Commonality Across Complex Aerospace Systems-of-Systems, A.C. Wicht, Master’s Thesis, MIT, 2011

Reactive
Reuse

(Existing Systems)

Common
Building

Block
(High-value)

Directed
Contractor

Development

Build
To

Print

Supply As
Gov Furn

Equip

Commonality Strategies

Strong Systems Engineering
(with vision and authority to force projects into performance-cost compromises)

Strong Management Team
(with authority to compel projects to take action in interest of architecture)

Life cycle incentive payment and commonality awards fees

NASA acquisition
too broad for
forward commonality

Acquisition

Most Applicable



ANALYSIS TOOL



Small Habitat Master Equipment List

• Other Input Features
– Geometry characteristics
– Component locations (In or Out of Hab)
– Data source references
– Notes and rationale
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• Common MEL for each Hab
• Component / Subassembly 

level of detail
• Inclusive “superset” of 

component choices
• Component quantity 

specification controls content

Habitats only



Commonality Scoring Process

• Assumes specific Common Core scenarios to assess level of commonality
• Index values provided to Costing Tool for each subsystem for a given 

Common Core scenario
• Index is fraction of equipment groups common to Core within subsystems 

(1.0=all equipment types are in core scenario)
• Currently modeling 3 scenarios:

– Natural Commonality: No equip features forced, common functional needs
– Full-Featured: All features forced, all values=1.0, highest mass impact
– Build-Your-Own: All features are user-selected

19

Example Commonality Index Matrix (provided to LCC Tool)



Mass Comparison Table

• Provides mass comparisons of Habitats at Subsystem level
• Compares potential Common Core options
• Lists Habitats from prior studies as reference (mapped to same subsystems)

20

Subsystems EMC Small Habitats
Common Core 

Options Ref Habs



Overview – Commonality LCC Assessment 
Results – Assessment as Modeled
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HABITAT CONFIGURATION



Common Interfaces and Structural Design

23

Duration times courtesy of K. Goodliff

Common Interface

Interface to MAV Stage

Interface to Taxi

Interface to Rover

Acceleration LoadsSmall Habitat Interfaces

MMOD Accommodations



Design Accommodations
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Weightless, Ascent/Descent, Surface Mass per Excursion Duration

Different Operations Postures Suit Accommodation



Selecting a Diameter

25

Suitport End DomeCrew Anthropometry and Equipment Location



Selecting a Pressure Vessel
Orientation wrt acceleration vector
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Geometry 
(Starting Point)

CylinderEnd-dome End-dome

Acceleration

Vertical

Horizontal

Preferred

Orientation Preference

Initial
Hab

Initial
Hab

Logistics



Bulkhead Tailoring

Tailored
End Dome

End Domes
and Adaptors

Hatch @ 45 Deg.
With NDS

40” x 40”
hatch

Suitports

Blank

Cylindrical
(40” x 40” hatch)

Conical
(NDS x 40” hatch)

Core
Structure
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Small Cabin Common Pressure Vessel

Barrel with isogrid

End cone

Swappable bulkhead

“Intermodal” common 
interface ring

Load path support 
fixture at quarter points

Power socket

Features

Strawman Sizing Internal/External Accommodations
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Notional Representation of Common Small Habitats

Mars Moon Excursion Vehicle

Crew Taxi Ascent Vehicle

RoverPressurized Logistics

Initial Habitation Module Pressurized Logistics
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